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Abstract
150/150 words.

We examined the S-year impact of an economic empowerment (EE) intervention on: adherence, viral suppression,
sexual risk-taking intentions (primary); and physical health, educational and economic (secondary) outcomes among
adolescents living with HIV in Uganda. The Suubi+Adherence study (2012-2018) randomized clinics to: (1) Control
group, n=19 clinics, n=344 participants; (2) intervention group which received matched savings accounts, mentorship,
financial management and, business development training, n=20 clinics, n=358 participants. Participants completed post-
baseline assessments at 12-, 24-, 36-, and 48-months. No significant differences in viral load, sexual risk-intentions and
physical health perception were observed. The intervention group had better adherence (at 24-months) (Contrast=-0.28;
95% CI: -0.55, -0.004), higher school enrolment (OR =2.18; 95% CI:1.30, 3.66); reported savings OR=2.03 (1.29, 3.18)
and higher savings (Contrast=0.40; 95% CI:0.10, 0.70) than controls at 48-months. The EE intervention was efficacious
in improving adherence, school enrolment, and economic outcomes creating opportunities for improved overall health
among adolescents living with HIV.
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Introduction Approximately 9 out of 10 (88%) adolescents living with

HIV (ALWHIV) worldwide resided in the low-resource
Adolescents in low- and middle-income countries (LMICs)  region of sub-Saharan Africa (SSA) in 2019 (1). Uganda
are disproportionately affected by the HIV/AIDS epidemic. is one of the countries in SSA with a high burden of HIV
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among children and adolescents (2). In 2019, there were
approximately 5,700 new infections and 4,800 deaths
among children aged 0-14 years (3). ALWHIV in low-
resource environments such as Uganda require additional
support and tailored interventions to help them overcome
the numerous poverty-related barriers that hinder access
to care, adherence to antiretroviral therapy (ART), mainte-
nance of viral suppression, and achievement of overall bet-
ter quality of life, inclusive of better physical and mental
health, and positive social and economic outcomes.

ALWHIV in poverty-impacted environments are less
likely to achieve the recommended levels of adherence to
ART (4, 5), but most interventions targeting ART adherence
among ALWHIV seldom focus on attempts to alleviate pov-
erty (6, 7). Poverty is a substantial barrier that is associated
with suboptimal health, limited access to healthcare and
social services, food insecurity, and inconsistent and poor
ART adherence (8, 9). Poverty is also associated with the
worsening of mental health problems and increased engage-
ment in risk-taking behaviors, including sexual risk-taking,
increased vulnerability to abuse, as well as poor overall
social, educational and economic outcomes (8, 9). Research
shows that family-based economic empowerment (FEE)
interventions that address poverty-related barriers to health
can improve HIV care outcomes (10) and have positive
effects on economic wellbeing (11) and psychological well-
being among ALWHIV (12). However, the long-term effects
of FEE interventions on HIV outcomes such as adherence
and economic wellbeing remains understudied. To address
the existing gaps and evaluate the long-term impact of FEE
interventions on ALWHIV’s overall health and wellbeing,
we draw on five waves of data from baseline to 48 months.
The Suubi+Adherence study is a 5-year prospective FEE
study conducted among ALWHIV in Uganda. More spe-
cifically, we examine the long-term (5-year) impact of the
Suubi +Adherence study on ART adherence, viral suppres-
sion, sexual risk-taking intentions, and self-rated physical
health (primary outcomes), and educational and economic
outcomes (secondary outcomes) among ALWHIV in
Uganda.

Methods
Data

We utilize longitudinal data from the ‘Suubi+ Adherence
study’ (2012 to 2018), a two-arm cluster-randomized con-
trolled trial conducted in Southwestern Uganda (10). This
study was designed to test the impact of a FEE interven-
tion designed to improve ART adherence among ALWHIV
residing in the greater Masaka region of Southwestern
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Uganda (10), an area which experienced a substantially
greater HIV prevalence compared to the HIV preva-
lence observed nationally (13—15). Suubi+Adherence is
grounded in Asset theory (16), which postulates that owner-
ship of assets improves developmental, psychological and
social outcomes for individuals. Thus, for ALWHIV, Asset
theory suggests that underprivileged adolescents, due to
lack of resources, are more likely to believe they are unable
to financially manage the costs associated with access-
ing and maintaining long-term care for HIV. Hence, these
adolescents are less likely to be concerned about initiating
and engaging in care, including adherence to ART, result-
ing in poorer physical and mental health outcomes. Addi-
tionally, they may be more likely to engage in risk-taking
behaviors, including sexual risk-taking, which can result in
poorer quality of life. On the other hand, an adolescent who
owns assets and has access to resources is more likely to
have a higher degree of hopefulness about the future and
have better self-efficacy and thus engage in more positive
health behaviors (including better ART adherence), which
leads to improved viral suppression, reduced engagement in
sexual risk-taking behaviors, improved physical health and
improved mental health (17), as well as better social and
economic outcomes and better quality of life.

Study design and setting

Adolescents were recruited from 39 health clinics located
across six geographical districts (Masaka, Kalungu,
Lwengo, Rakai, Kyotera and Bukomansimbi) of the greater
Masaka region in Southwestern Uganda. Eligibility cri-
teria for the clinics included: (1) had existing procedures
tailored to adolescent adherence including adolescent
clinic days and peer counseling; and (2) accredited by the
Ugandan Ministry of Health as a provider of ART within
the study districts. One clinic was excluded, after not meet-
ing the inclusion criteria, resulting in 39 clinics included
in the study. Eligibility criteria for adolescents included:
(1) medically diagnosed with HIV and aware of their sta-
tus; (2) living within a family setting (either biological or
caregiver, but not within an institution); (3) aged 10-16 at
baseline; (4) prescribed ART medication and; (5) receiving
HIV care and treatment at one of the 39 clinics participat-
ing in the study. To avoid contamination, adolescents were
randomly assigned at the clinic level to one of two groups:
(1) control group which received bolstered standard of care
(BSOC) which comprised medical and psychosocial sup-
port or; (2) family economic empowerment intervention
group. In addition to BSOC, adolescents in the interven-
tion group received child development savings accounts
(for long-term savings), training on financial management
and starting a business, and mentorship. Randomization of
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clinics was done by an independent Columbia University
Research Assistant. Participants in the control group did not
know what the intervention group received. A total of 702
adolescents were recruited at baseline and participants com-
pleted repeated assessments at 12-, 24-, 36-, and 48-months
post-baseline assessment.

Outcome Measures

We investigated the effect of the intervention on primary
(adherence, HIV viral load, and sexual risk-taking inten-
tions) and secondary (perception of physical health, school
enrolment, any savings, and amount of savings) outcomes.

Primary outcomes: Adherence: Adherence was measured
via self-reports. At each assessment, participants were asked
the question “In the last 30 days, on how many days did you
miss at least one dose of your HIV medication?” This was
treated as a continuous variable, with lower values repre-
senting better adherence. HIV RNA Viral load: Participants
provided blood samples to be tested for HIV RNA Viral
load at each data collection time point, which were ana-
lyzed using the Abbott RealTime HIV-1 RNA Assay PCR
(version 5.00) to quantify participants’ plasma viral load.
In accordance with the World Health Organization (WHO)
guidelines (18), we used a cut off value of <1000 copies/
ml to categorize participants as virally suppressed or not
virally suppressed (=1000 copies/ml) (a binary variable).
Sexual risk-taking intentions: A continuous summated score
of 5 items was used to assess participants’ sexual risk-taking
intentions, with higher scores indicating higher agreement
with sexual risk-taking (19). The 5 items included: (1) 7
believe it'’s ok for people my age to have sex with someone
they’ve just met’; (2) ‘I believe it'’s ok for people my age to
have sex with someone they love’; (3) ‘I believe its ok for
people to have sex before marriage’; (4) ‘I agree it’s ok to
force a girlfriend/boyfriend to have sex even when they don t
want to’; (5) ‘I believe it’s ok to have sex without protection
with someone you know’. Response options for each item
included: Never =1, Sometimes =2, About half the time=3,
Most of the time =4, or Always =5.

Secondary outcomes: Perception of physical health:
Adolescents were asked to rate their perception of their
physical health on a 5-point scale ranging from 1=very
poor to S=excellent. Savings: Adolescents were asked
whether they had any money saved anywhere (yes or no).
For adolescents who reported having savings, they were
asked about the amount of money they had saved. Due to
the skewed nature of the Savings amount variable, this vari-
able was log transformed. School enrolment: Adolescents
were asked whether they were currently enrolled in school
(yes or no).

Statistical analysis

All analyses were conducted in Stata version 16.1. Summary
statistics for all outcomes by study group were computed
at each time point. Continuous outcomes were summarized
using means and standard deviations (SD) and categorical
outcomes summarized using counts and percentages. We ran
diagnostic tests to check the distribution of the residuals of
the continuous outcomes for non-normality and/or inequal-
ity of residuals over levels of predicted values for linear
mixed models by predicting standardized residuals after
each linear mixed model. For each continuous outcome, we
visually inspected the histogram of the standardized residu-
als with normal curve overlaid and a scatterplot of the stan-
dardized residuals by predicted values. We fitted three-level
mixed-effects models for each outcome. For continuous out-
comes, each model contained the outcome along with fixed
categorical effects for study group (intervention vs. control),
time (baseline, 12-, 24-, 36-, 48-months), a group-by-time
interaction term, and a random intercept at the clinic level.
We fitted an unstructured residual-error covariance matrix
of the residuals from the repeated assessments taken on the
same subjects and relaxed the assumption of equal variances
and covariances across groups. For categorical outcomes,
each model comprised the outcome, fixed categorical
effects for study group, time, a group-by-time interaction
term, and random intercepts at the clinic level and person
level. Robust Huber-White standard errors and test statistics
were used for all models. For each model, we evaluated:
(a) omnibus effects for study group, time, and their interac-
tion and (b) group comparisons within each time point for
all outcomes irrespective of significance of the group-by-
time effects using the contrast command. Margins plots are
presented for all outcomes to help describe the patterns of
results observed.

Sample size estimation

Details of the sample size and power analysis have been
published in the protocol paper (10).

Results

Description of sample at baseline

A total of 702 ALWHIV were enrolled in the Suubi + Adher-
ence study at baseline; 344 adolescents were randomly
assigned at the clinic level to the control group, while 358
were randomly assigned to the FEE-intervention group

(see Figure S1, CONSORT diagram). The mean age was
12 years, 56% were females, and almost two-thirds were
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orphans, including 37% single orphans and 27% double
orphans (Table S1). Most adolescents (46%) reported their
primary caregiver as either their biological father or mother,
while 27% were primarily being cared for by a grandpar-
ent. Only 11% of the primary caregivers were formally
employed. The retention rate at 48-months follow-up was
93.4%. Summary statistics for the outcomes at each time
point by group are presented in Table S2.

Effect of the family economic intervention on
ALWHIV’s self-reported adherence, viral load, and
sexual risk-taking intentions (Primary outcomes)

For the primary outcomes, only significant effects for time
were observed overall (Table S3). Specifically, time effects
were observed for self-reported adherence (y32(4)=11.34,
p=0.0230), detectable viral load (y2(4)=29.89, p<0.0001),
and sexual risk-taking intentions (y2(4)=123.37,
p<0.0001). There were no significant effects for group,
and group-by-time interactions (Table S3). However, self-
reported adherence differed significantly only at 24-months.
The intervention group missed significantly fewer days
of medication than ALWHIV in the control group (Con-
trast=-0.28 with a 95% confidence interval of -0.55, -0.004).
For viral load, and sexual risk-taking intentions, there were
no significant differences between the intervention and con-
trol group at 12-, 24-, 36-, and 48-months (Table 1).

Effect of the family economic intervention on
ALWHIV’s perception of physical health, education
and economic outcomes (Secondary outcomes)

For self-rated physical health, only significant effects for
time were observed overall (32(4)=68.89, p<0.0001).
There were no significant effects for group and the group-
by-time interaction (Table S4, Figure SS5). Moreover, no

Table 1 Comparisons of study group means within each time point for
primary outcomes (group-within-time simple effects)

Time point Comparison Self-reported Viral Sexual
adherence load  risk-taking
intentions
Contrast OR Contrast
95% CI) 95% (95% CI)
CI)
12-months Intervention -0.02 (-0.31, 0.94 0.16
vs. Control 0.27) 0.45, (-1.41,
1.99) 0.47)
24-months Intervention  -0.28 (-0.55, 0.71 -0.36
vs. Control -0.004) (0.39, (-1.08,
1.31) 0.36)
36-months Intervention  -0.02 (-0.26, 0.57  -0.47
vs. Control 0.21) (0.29, (-1.11,
1.11) 0.17)
48-months Intervention -0.12(-0.62, 0.76  -0.29
vs. Control 0.38) (0.37, (-0.91,
1.55) 0.32)
No. of 702 702 702
participants
No. of 3351 3269 3309
observations

Bolded numbers represent significant values. For continuous self-
reported adherence and sexual risk-taking intentions outcomes,
negative values indicate lower estimates for the intervention group
compared to controls, while positive values indicate higher estimates
for the intervention group compared to controls at each time point.
Self-reported adherence is measured by the mean number of days
medications were missed; thus lower values indicated better adher-
ence. OR =odds ratio (exponentiated coefficient) are reported for the
binary viral load outcome

significant differences for physical health were observed
between the intervention and control group at each time
point (Table 2). However, for the education and economic
outcomes, we observed significant main effects for time,
group, and group-by-time interactions (Table S4). For
school enrolment, there was a significant main effect for
time, ¥2(4)=134.42, p<0.0001, and for group, x2(1)=5.84,

Table 2 Comparisons of study group means  Time point Comparison Self-rated  School Currently ~ Amount of
within each time point for secondary out- physical enrolment  have savings
comes (group-within-time simple effects) health savings

Contrast OR (95% OR(95%  Contrast

95%CI) CI) CI) (95% CI)
Bolded numbers represent significant val- ~ 12-months Intervention  0.05 (-0.13, 2.47(0.94, 2.68 (1.61, 0.77 (0.37,
ues. For continuous self-rated physical vs. Control 0.22) 6.21) 4.46) 1.18)
health and savings amount outcomes, nega-  24-months Intervention  0.03 (-0.14, 2.52 (1.11, 3.77 (1.84, 0.58 (0.24,
tive values indicate lower estimates for the vs. Control 0.19) 5.75) 7.69) 0.92)
intervention group compared to controls,  36-months Intervention  0.06 (-0.10, 4.66 (2.23, 1.67 (1.01, 0.84 (0.40,
while positive values indicate higher esti- vs. Control 0.22) 9.74) 2.75) 1.29)
mates for the intervention group compared  4g e Intervention  0.09 (-0.03, 2.18 (1.30, 2.03(1.29, 0.40 (0.10,
to controls at each time point. OR=o0dds vs. Control 0.22) 3.66) 3.18) 0.70)
ratio (exponentiated coefficient) are reported .. ) ) ) ) )

. ) No. of participants 702 701 702 539
for the binary school enrolment and having .
No. of observations 3353 3333 3353 1357

savings outcomes.
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p=0.0157. There was also a significant group-by-time inter-
action, ¥2(4)=9.75, p=0.0449 (Table S4). ALWHIV in the
intervention group had 2.52, 4.66, and 2.18 times greater
odds of being enrolled in school than ALWHIV in control
group at 24-, 36-, and 48-months, respectively (Table 2). For
the savings outcome, there were significant omnibus effects
for time, y2(4)=104.36, p<0.0001, for group, y2(1)=11.05,
p=0.0009 (Table S4), and the group-by-time interaction,
%2(4)=29.95, p<0.0001. ALWHIV had 2.68, 3.77, 1.67
and 2.03 greater odds of saving than controls at all post-
baseline time points (Table 2). For the amount of savings,
there was a significant main effect for time, y2(4)=1857.09,
p<0.0001, group ¥2(1)=12.19, p=0.0005, and there was
also a significant group-by-time interaction, ¥2(4)=12.49,
p=0.0141 (Table S4). At each post-baseline time point,
ALWHIV in the intervention group had more savings than
controls (Table 2).

Discussion

ALWHIV in low-resource settings face numerous poverty-
related challenges that can affect their physical health, edu-
cational, social and economic well-being. It is imperative
to develop responsive, multifaceted, family-based eco-
nomic interventions that can promote long-term improve-
ments in physical health, behavioral and socio-economic
outcomes beyond what is currently achieved by the usual
care provided for ALWHIV. We examined the long-term (48
months) impact of the FEE-intervention implemented dur-
ing the Suubi+Adherence study on our primary (i.e., ART
adherence and viral suppression, sexual risk-taking behav-
ior) and secondary outcomes (self-rated physical health,
educational and economic) among ALWHIV in Uganda.
Despite a strong intervention design, we did not find sig-
nificant differences between the intervention and control
groups for primary outcomes, viral load, and sexual risk-
taking intentions, and the secondary outcome, perception of
physical health, among the entire sample. We found some
evidence for significantly better adherence among ALWHIV
in the intervention group but this was only observed at 24
months. However, the statistically significant time main
effects and margins plot show that both groups improved
in parallel over time compared to baseline, indicating that
ALWHIV in both groups benefitted from being in the study;
both groups reported significantly better adherence, less
risky sexual risk-taking intentions, had improved viral load,
and improved physical health over time.

Evaluating health outcomes for ALWHIV is critical
because when they are virally suppressed, they are far
less likely to spread the virus (20), and more likely to live
healthier lives (21), especially during adolescence when

they form intimate relationships. Furthermore, our find-
ings reinforce the need for ongoing VL monitoring both as
a health outcome and as a partial proxy measure of adher-
ence to ensure that the prescribed ART is working properly
to suppress viral replication and, if necessary, to adjust the
treatment accordingly (22). Although we did not observe
significant differences in proportions with detectable viral
load between the two study groups overall, a previous
analysis among a sub-sample of ALWHIV with detectable
viral loads at baseline from the same study revealed that
participants in the FEE intervention group had significantly
improved viral load over time compared to those in the con-
trol condition (23).

Contrastingly, for three of our secondary outcomes,
we observed differential improvement across groups in
all outcomes. ALWHIV in the intervention group were
more likely to be enrolled in school than controls from
24-months onwards, be more likely to save, and had higher
savings compared to the control group at all post-baseline
time points. Educational attainment influences individuals’
future occupational status, potential earnings, income and
wealth (24), with persons of higher socio-economic status
experiencing better health than persons of lower socio-eco-
nomic status (25). For ALWHIV, financial challenges are
a substantial barrier to school enrolment (26). Indeed for
ALWHIYV, schools play an important role in: providing the
much needed HIV/AIDS-related education; providing psy-
cho-social support and counselling; assisting with providing
access to nutritional, health, and medical services; and build-
ing partnerships with local communities and health and wel-
fare agencies which all work together to reduce risk-taking
behaviors among adolescents and improve health and well-
being of ALWHIV (27). Poverty, unemployment and lack of
food are major barriers to adherence among ALWHIV (28).
Hence, the improved school enrolment and economic out-
comes observed in this study can provide a form of finan-
cial security for ALWHIV to afford meals, transportation,
and costs associated with accessing medical care, and create
opportunities for greater wealth, contributing to improved
overall health and wellbeing among ALWHIV in the long
term.

Our findings add to the growing body of research which
show that FEE-interventions that address poverty-related
barriers via inclusion of a savings incentive can have positive
effects on the socio-economic wellbeing among ALWHIV
(11, 12, 29, 30). In this study, the savings incentive was pro-
vided for only 24 months. However, the lasting effect on
respondents’ savings culture even after the incentives ended
at 24 months following intervention initiation is consistent
with behavior observed among adolescents orphaned by
AIDS in Uganda who received a similar FEE-intervention
(31). Higher school enrolment may be an indirect benefit
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realized among the intervention group given their improved
financial well-being from the savings accounts which
increased families’ ability to afford school tuition since
Free Universal Primary Education ends after grade seven of
primary school in Uganda. Although Universal Secondary
Education (USE) has been introduced in Uganda, financial
barriers in the form of high non-tuition costs associated with
secondary education such as scholastic materials, uniforms,
and meals, are prevalent and prohibit many ALWHIV from
enrolling and completing secondary education (26). Having
limited economic assets and economic instability increases
one’s likelihood of dropping out of school to find employ-
ment and engaging in risky behaviors, including unsafe sex-
ual behaviors (32). Hence, providing small investments in
long-term goals can contribute to improved social outcomes
for ALWHIV in low-resource settings, opening up oppor-
tunities for ALWHIV to be better educated, and ultimately
realize a higher earning potential, which can contribute to
improved overall health and well-being.

However, there were some limitations to this study. First,
some of the self-reported measures may be subject to social
desirability bias. For example, self-reported adherence may
be over-reported. Similarly, sexual risk-taking attitudes was
used as a proxy for actual sexual activity and this may have
been underreported. However, previous research among
youths in SSA indicate that sexual risk-taking intentions are
a good indicator of actual sexual behavior (33). Second, the
findings of no significant differences in adherence (except
at 24 months), viral load, sexual risk-taking intentions, and
self-rated physical health between study groups could also be
explained by the ‘Hawthorne effect’. The Hawthorne effect
occurs when participation in a study causes behavior change
during the study itself (34). For example in the behavioral
HIV Prevention Trial Network conducted in South Africa,
study participation influenced school enrolment (during the
trial itself) among participants in both study arms, caus-
ing no significant differences in school enrolment to be
observed (Hawthorne effect) (35). In the Suubi + Adherence
study, participants in both study conditions were aware of
the objectives of the study to improve treatment adherence
and improve overall health among ALWHIV. ALWHIV in
the control group received six sessions of enhanced adher-
ence counseling, during which they reviewed HIV, ART,
ART resistance and adherence. They also received materials
to support family communication about HI'V and adherence.
ALWHIV in the intervention group received the economic
intervention in addition to the enhanced adherence counsel-
ling. Hence, during the Suubi + Adherence study, both groups
may have positively adapted their adherence and risk-taking
intentions to align with perceived expectations. They could
also have been more motivated to adhere, have less risky
intentions and choose behaviors that positively influenced
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their health, a possible explanation for the null overall study
group effect on the adherence (except at 24-months), viral
load, physical health and sexual risk-taking intentions out-
comes. Lastly, the inclusion criteria for the Suubi+ Adher-
ence study required ALWHIV to be aged 10—16 at baseline,
prescribed ART medication, and receiving HIV care and
treatment at one of participating clinics. As such, our find-
ings are not generalizable to older age groups, those who are
not aware of HIV status and not enrolled in care.

Conclusions

This Family Economic Empowerment intervention com-
prised child development savings accounts, training on
financial management and starting a business, in addition
to mentorship. It contributes to the evidence base of strat-
egies that can innovatively improve adherence, alleviate
economic hardships and increase educational attainment of
ALWHIV in resource-limited settings. Therefore, the need
for further research on interventions that can achieve sus-
tained improvements in all health-related domains above
what is achieved in usual care are recommended to bol-
ster available evidence on the long-term effects of these
interventions across a range of outcomes. Further research
should also explore whether school enrolment and savings
act as mediators or moderators of the effect of the interven-
tion on health outcomes.
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